Summary: The purpose of our study was to evaluate surgical enteric access in pediatric cancer patients to determine factors associated with postoperative complications. We performed a single-institution retrospective review of all patients below 21 years old with a primary cancer diagnosis who underwent surgical procedures for enteral access between 2004 and 2014. Multivariate logistic regression was performed to determine independent predictors of postoperative complications. During the study period, 122 patients had surgically placed feeding tubes, of whom 58% developed Z1 complication(s) and 16% experienced a major complication. No single factor was significantly associated with developing any complication or major complication. Several trends were noted including increased complications associated with jejunostomy tubes, percutaneous endoscopic gastrostomy tubes, and abdominal radiation. Surgically placed enteric access in pediatric and adolescent cancer patients is associated with an extremely high complication rate emphasizing the importance of careful evaluation of these patients before embarking on surgical feeding access. Future work should evaluate mechanisms to decrease complications and/or explore alternative methods to provide supplemental nutrition in children and adolescents with cancer.
M alnutrition, defined as undernutrition, overnutrition, or poor growth, is a major problem facing children with cancer. Methodology for nutritional assessment is heterogenous without a standard among institutions. 1, 2 Anthropometric measurements for estimation of nutritional status include weight, height, mid-upper-arm circumference, and triceps skin-fold thickness. 3 At present, the World Health Organization uses Z-score cut-off values for weight-for-age, height-for-age, and weight-for-height of < À 2 and À 3 SD to define moderate and severe malnutrition, respectively. 4 Overnutrition or obesity is often defined as a body mass index of > + 2 SD. 1 Laboratory indices such as the change in visceral proteins over time, blood glucose levels, lipid profiles, hemoglobin, and lymphocyte count are useful adjuncts for assessing nutritional status. 3 Patients with malnutrition are at a higher risk of chemotherapy intolerance, infection, and tumor relapse. 1, [5] [6] [7] [8] The prevalence of undernutrition ranges from 0% to 73% in children with malignancies, whereas the prevalence of overnutrition is 28% to 78% at the end of treatment among children with malignancies. 1, 9 Malnutrition can develop as a sequela of the tumor itself or arise from various side effects of treatment such as nausea, vomiting, and mucositis. 5, 6 Patients with neurological impairment from central nervous system (CNS) tumors can also develop dysphagia and require enteral feeding access to prevent undernutrition. 10 Because of the harmful effects of undernourishment among pediatric cancer patients, including increased mortality and higher risk of recurrence, additional nutritional support is often needed. 5, 6, 11 One way to improve nutritional support among pediatric oncology patients is by enteral tube feeding when oral intake is inadequate or unsafe. The different devices used for enteral feeding are gastrostomy tube, percutaneous endoscopic gastrostomy (PEG) tube, jejunostomy tube, gastro-jejunal feeding tube, and Dobhoff or nasogastric tube, all of which vary in the location of placement and operative technique used. When the gastrointestinal tract is able to absorb enough nutrients to meet energy requirements, enteral nutrition is the preferred solution for undernutrition. 9, 12 However, parenteral nutrition may be required in the setting of gastrointestinal failure with inadequate intestinal nutrient absorption, severe mucositis, enteritis, obstruction, typhlitis, intractable vomiting, or severe pancreatitis. 13 Although enteral feeding is presumably the most efficient method of nutritional support, surgically placed enteral feeding tubes are well known to have a high rate of complications associated with the feeding tube. 14, 15 Infections and toxicity from enteral feeding are also of concern. 11, 16 Although major postoperative complications are uncommon, the combined rate of major and minor complications has been shown to exceed 70%. 16, 17 The risk factors related to specific complications have not been well investigated. It is important to consider the factors contributing to complications with surgical enteral feeding tube placement to achieve the optimal outcome for these patients. The objective of this study is to investigate and identify potential risk factors among pediatric cancer patients for postoperative complications related to surgical enteral feeding tubes.
MATERIALS AND METHODS
We performed a single-institutional retrospective cohort study of all patients below 21 years with a primary cancer diagnosis undergoing placement of a surgical enteral feeding tube at the University of Texas MD Anderson Cancer Center (MDACC) between January 2004 and 2014. Patients were excluded if they did not undergo placement of a gastrostomy or jejunostomy tube, if the patient underwent tube exchange only, or if access to the patient's medical record was limited. All patient records were followed from the date of tube placement for a minimum of 30 days and until the patient had the tube removed, died, or was lost to follow-up. Patients were excluded if follow-up was <30 days.
Demographic and clinical information was extracted from each patient record in the electronic medical record system and included age, sex, race/ethnicity, insurance type, body mass index, cancer type, and comorbidities. Similar to prior studies evaluating enteral nutrition in pediatric cancer patients, cancer type was categorized as leukemia, primary CNS tumors, and non-CNS solid tumors. 11, 14, 18 The primary outcome of interest was the frequency of any complication following placement of a surgical feeding tube. The secondary outcome of interest was the frequency of major complications. We included all perioperative complications following placement of the surgical feeding tube and complications associated with the maintenance of the feeding tube. Major complications were defined as any unplanned event resulting in admission to the hospital or a complication-related surgical or interventional procedure. Minor complications were defined as documentation of peritubal wound infection or inflammation, tube dislodgement <90 days or >90 days after placement, tube blockage requiring replacement, chronic pain, tube leakage, granulation tissue, feeding intolerance, bleeding, pneumonia, urinary tract infection, fever, other noninfectious adverse events, and other systemic adverse events. Major and minor complications were identified by 2 independent reviewers of the electronic medical record for each patient. Any discrepancies of major or minor complication were decided by a third independent reviewer.
Postoperative care after placement of surgical feeding tube is not protocolized at our institution and is left up to the individual provider. All pediatric caregivers receive comprehensive in-hospital education and training about their child's surgical feeding tube, daily care, and maintenance before discharge. Patients are followed up in the surgical clinic and timing of the first exchange of the surgical feeding tube usually occurs at 90 days postoperatively.
Patient characteristics were described through summary statistics (frequency and percentage for categorical variables, median, and range for quantitative variables). All complications from the patient's first operation were plotted by frequencies for total occurrences and for major occurrences, regardless of the number of times the complication occurred in each person. Multiple w 2 tests were performed to investigate the association between patient characteristics and having any complication related to the patient's first operation. An exploratory multivariate analysis was performed using generalized estimating equation to accommodate multiple operations per arm. However, with too few second and third operations, the intrapatient correlation could not be calculated and the model would not stabilize. The authors then selected each patient's first operation only and performed an exploratory logistic regression for (1) any complications and (2) major complications. On the basis of clinical knowledge and sample size limitations for logistic regression, surgical technique, tube position, concomitant laparotomy, abdominal radiation, and perioperative steroid use were included in the multivariate model for any complications. Tube position and surgical technique were similarly examined together for major complications. Small missing groups were excluded from consideration so that the amount of excluded missing data was never >10% of the sample.
This study was approved under protocol PA14-0536 by the institutional review board at MDACC.
RESULTS
A total of 159 patients were admitted to MDACC and underwent insertion of a surgical feeding tube between January 2004 and 2014. The decision to place a surgical feeding tube was made at the discretion of the patient's treatment team. A total of 37 patients were excluded, leaving a total of 122 patients included for analysis (Fig. 1) . Patient characteristics are summarized in Table 1 . The median age at the time of operation was 12.5 years (range, 0 to 21 y). Most patients had a diagnosis of non-CNS solid tumor (76%, n = 93), whereas 17% (21) had a CNS tumor, and 7% (8) had leukemia. Among the patients with non-CNS solid tumors, 43% (53) underwent feeding tube placement at the time of cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC). A total of 24 (20%) patients received either neoadjuvant or adjuvant abdominal radiation therapy. The majority of these patients had desmoplastic small round cell tumors of the abdomen (n = 16, 67%) and received a total of 30 Gy adjuvant whole-abdomen radiation therapy. Race/ethnicity was missing for 10 patients.
The type of surgical feeding tube and the type of procedure were determined by the individual surgeon. The majority of patients underwent placement of separate gastrostomy and jejunostomy tubes (30%, n = 37). Eightyfour (69%) procedures were performed open, 10 (8%) laparoscopic, and 28 (23%) endoscopic. Overall, 70 patients (58%) experienced a complication, of which 20 (16%) were a major complication. The most common minor complication was tube leakage followed by peritubal wound inflammation (Fig. 2) . The most common major complication was peritubal wound infection requiring admission for intravenous antibiotics followed by gastrocutaneous fistula (Fig. 2) . Management of enteral nutrition when a complication occurred varied according to the complication type and the individual physician's preference. The unadjusted number of complications for each patient's demographic and clinical characteristic is listed in Table 2 . There were no patient or surgical factors associated with having any complications or major complications that reached statistical significance on multivariate analysis (Tables 3, 4) . However, several trends were noted including increased complications among patients with jejunostomy tubes, PEG tubes, and abdominal radiation. Furthermore, there was a trend for jejunostomy tubes to be associated with major complications. In total, 40% (4) of patients with jejunostomy tubes had major complications, compared with 16% (12) of patients with gastrostomy tubes, and 11% (4) with separate gastrostomy and jejunostomy tubes (P = 0.08). Subgroup analysis was performed excluding patients who had undergone cytoreductive surgery with HIPEC. This subgroup had a similar rate of complications as the entire cohort, with 39 (60%) patients developing any complications and 12 (18%) developing major complications.
DISCUSSION
Our experience indicates that feeding tube placement in pediatric oncology patients is associated with a high frequency of complications. In our cohort of children with a cancer diagnosis undergoing feeding tube placement, 58% (71) experienced any type of complication and 16% (20) experienced a major complication. In our multivariate analysis, patient and procedure-associated risk factors for any complication were not readily identified. However, there was a trend for jejunostomy tubes, PEG tubes, and abdominal radiation to be associated with the development of any complication and placement of a jejunostomy tube to be associated with major complications.
Appropriate nutritional support is important among pediatric patients with cancer. Children with the greatest risk of undernutrition are those with Wilms' tumor, neuroblastoma, pelvic rhabdomyosarcoma, Ewing sarcoma, non-Hodgkin lymphoma, acute nonlymphocytic leukemia, acute lymphocytic leukemia, medulloblastoma, and other brain tumors. 9 Initiation of nutritional support is associated with several benefits including improved tolerance to chemotherapy, improved survival, increased quality of life, and decreased risk of infection in children. 1, 9 However, the timing and type of nutritional intervention is inconsistent across pediatric cancer centers. 2 Surgically placed enteral feeding tubes are an option to improve nutritional support when oral intake is inadequate to support growth or nutritional repletion in a child undergoing treatment for cancer. 9, 2 In addition, enteral feeds as compared with parenteral feeds, have decreased risk of infections, liver function abnormalities, and can promote maintenance of the gut mucosa among children undergoing chemotherapy. 14, 19 However, surgically placed enteral feeding tubes are associated with a high burden of perioperative complications and long-term maintenance-related complications. Improved education, discharge protocols, and scheduled maintenance are possible interventions to minimize or prevent maintenance-related complications. [20] [21] [22] However, while comprehensive multidisciplinary discharge protocols have demonstrated reduced emergency ANC indicates absolute neutrophil count; BMI, body mass index; CNS, central nervous system; Ex-lap, exploratory laparotomy; GERD, gastroesophageal reflux disease; GJ, gastro-jejunal feeding tube; GT, gastrostomy tube; HIPEC, hyperthermic intraperitoneal chemotherapy; IR, interventional radiology; JEJ, jejunostomy tube; Lap, laparoscopic; mTOR, mammalian target of rapamycin; PEG, percutaneous endoscopic gastrostomy tube; Plt, platelet; TKI, tyrosine kinase inhibitor; XRT, radiation. (15) department visits for minor gastrostomy tube complications, they have not been able to reduce the rate of complications. 21 Our study supports previous studies demonstrating moderately high rate of complications associated with *Use of these medications is perioperative and is "Yes" if they appear in the patient records 0, 7, or 30 days before surgery. CNS indicates central nervous system; Ex-lap, exploratory laparotomy; GERD, gastroesophageal reflux disease; mTOR, mammalian target of rapamycin; TKI, tyrosine kinase inhibitor; XRT, radiation. 6, 14, 16, 17, 19 The most common complication in our study was minor leakage around the tube followed by peritubal wound complications. Within our institution, there is no standard protocol for postoperative care for patients with enteral tube feeds that may influence the rate of complications. Complications are managed based on clinical protocols and include education of the patient's caregiver to help reduce future complications. Our findings are in agreement with previous studies conducted in pediatric oncology patients where 62% to 90% of patients experience a complication related to their tube. 6, 14, 16, 19 The most common complication in these studies was peritubal wound complications in 46% to 73% of patients. 6, 14, 16, 17, 19 The evidence examining the association of modifiable risk factors, such as type of procedure, with postoperative complications is mixed. A recent systematic review and meta-analysis of gastrostomy tubes among children demonstrated no difference in major complications between open versus laparoscopic gastrostomy tubes, whereas PEG tubes were associated with a significantly increased risk in major complications as compared with laparoscopic gastrostomy tubes. 23 Other studies have demonstrated increased risk of infection with open as compared with laparoscopic or PEG tubes. 18 In our study, PEG tubes had a higher rate of any postoperative complication as compared with open gastrostomy tubes.
The rate of major complications in our patient series is somewhat higher than other studies in pediatric oncology patients. In a series of PEG tubes in pediatric oncology patients by Schmitt et al, 6 13% of patients had a major complication, whereas 6% of patients with either a PEG or open gastrostomy had a major complication in the study by Mathew et al. 14 Unlike the series by Schmitt et al 6 and Mathew et al, 14 our series included patients with jejunostomy tubes. 6, 14 Although it did not reach statistical significance, placement of a jejunostomy tube was the strongest predictor of any complication and of a major complication in our study. Previous studies have demonstrated rates of major complications related to jejunostomy tube placement of approximately 22% to 24% in children. 24, 25 The observed major complication rate of 40% among patients with jejunostomy tubes in our series is possibly due to small patient volume and differences in patient selection. Adult studies among patients undergoing placement of jejunostomy tube at the time of oncologic resection have demonstrated increased complications and length of stay. [26] [27] [28] To our knowledge, this is the largest series evaluating risk factors for complications after surgical enteral feeding tube placement in pediatric oncologic patients undergoing cytoreductive surgery with HIPEC. Cytoreductive surgery is the complete surgical resection of all visible disease with administration of HIPEC in patients with peritoneal carcinomatosis. 29 Information about feeding tubes in this patient population is limited, especially among pediatric patients. In a study of adult patients undergoing cytoreductive surgery and HIPEC for peritoneal carcinomatosis from a colorectal primary cancer, routine placement of a feeding tube did not demonstrate improved nutritional outcomes and was associated with increased length of stay and higher 30-and 60-day readmission rates. 27 In our series, undergoing feeding tube placement with concomitant laparotomy including cytoreductive surgery with HIPEC was not associated with an increased risk of postoperative complications.
Our single-center retrospective study is subject to limitations associated with data not prospectively collected. Furthermore, there is no protocol in place for placement of a surgical enteral feeding tube in pediatric oncology patients. The decision to place a surgical enteral feeding tube and the surgical technique may vary among oncologists and surgeons. In addition, we were not able to establish control for operative factors that may influence the development of postoperative complications. Moreover, the patient data were limited to information available in the electronic medical record. Markers of preoperative nutritional status including anthropometric measurements and laboratory data were limited in the medical record and could not be included in our multivariate analysis. In addition, complications that occurred among patients discharged home on enteral nutrition may not have been captured if the patient was evaluated at an outside facility. The average length of follow-up and the average length of nutritional support before a complication occurred were also missing for several patients.
CONCLUSIONS
Ensuring pediatric oncologic patients maintain adequate nutrition during the course of their treatment is essential. However, placement of a surgical enteral feeding tube in this population is associated with a high rate of both minor and major complications. Understanding the burden of perioperative and maintenance-related complications is critical when deciding to place a surgical enteral feeding tube. Furthermore, identifying modifiable risk factors for complications is important for improving outcomes. This study suggests that jejunostomy tubes and PEG tubes may be associated with increased complications. Future studies are needed to further understand the associated risks and benefits of surgical enteral feeding tubes in pediatric oncologic patients.
